A superabsorbent polymer (SAP) based on graft copolymerization of sodium carboxymethyl cellulose and acrylic acid was prepared by inverse suspension polymerization using potassium persulfate as an initiator and N,N -methylenebisacrylamide as a cross-linker. Experiments were performed at 70 ∘ C for 90 min but varying the concentrations of sodium carboxymethyl cellulose (NaCMC), acrylic acid (AA), potassium persulfate (KPS), and N,N -methylenebisacrylamide (MBA), and also varying % neutralization of AA. The maximum swelling capacity for SAP was 544.95 g/g in distilled water and 44.0 g/g in 0.9% w/v NaCl solution. This near optimal SAP was prepared using 2.0 g/100 mL NaCMC, 1.0 mol/L AA with 70% neutralization, 0.014 mol/L KPS, and 0.01 mol/L MBA.
Introduction
Superabsorbent polymers (SAPs) are cross-linked networks of a hydrophilic polymer, with a high capacity for water uptake [1] . SAPs are widely used in many products, such as disposable diapers, feminine napkins, soil for agriculture and horticulture, gel actuators, water-blocking taps, and drug delivery [2] . Natural-based superabsorbent polymers have gained much attention because of their biocompatibility, biodegradability, and nontoxicity [3] . The graft copolymerization of a vinyl monomer, such as acrylic acid, acrylamide, acrylonitrile, or hydroxyethyl methacrylate, onto natural polymers, particularly cellulose and its derivatives, is an important method for production of SAPs/hydrogels. Examples of such research include CMC-g-poly(AA-co-AM) [4] , CMC-g-poly(NaAA) [5] [6] [7] , CMC-g-poly(NaAA)/Kaolin [6] , Poly CMC/poly(AA) [8] , CMC-g-poly(AM-co-AMPS) [9] , and CMC-g-poly(AA-co-AMPS) [10] . These studies have demonstrated that the introduction of hydrophilic monomers enhances or greatly improves the water absorbency and the swelling rate of SAP. However, most SAP products have been formed by aqueous solution polymerization. Inverse suspension polymerization is defined as the polymerization of a dispersed water-soluble monomer in a continuous organic matrix. The advantage of this approach over other methods is that a fine powdery product is obtained, and the particle size can be easily controlled by adjusting the reaction conditions. In recent years, the inverse suspension polymerization method has been successfully used to prepare water-soluble/swellable products, such as thickeners, flocculating agents, and superabsorbent hydrogels [11] . Only few studies have reported on preparation of SAPs by inverse suspension polymerization, such as CMC-g-poly(AM-co-MAETAC) [12] . They have stated that the hydrophilelipophile balance (HLB) of stabilizer is of great importance to enhancing the swelling capacity of a cationic superabsorbent polymer.
The objective of this work was to prepare superabsorbent polymers by graft copolymerization of sodium carboxymethyl cellulose and acrylic acid/sodium acrylate in 
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Materials.
Sodium carboxymethyl cellulose (NaCMC), degree of substitution 0.60-0.95, was supplied by Fluka, Finland. Acrylic acid (AA, Analytical Reagent) was purchased from Merck, Germany. Potassium persulfate (KPS, Analytical Reagent) was purchased from APS Ajax Finechem, Australia. N,N -methylenebisacrylamide (MBA, Analytical Reagent) was purchased from Fluka, Switzerland. The other chemicals were of analytical grade and used as received without further purification. 
Preparation of
Preparation of Organic or Continuous
Phase. 150 mL cyclohexane and 2.5 g Span 80 (stabilizer) were added to a 250 mL three-necked reactor, equipped with mechanical stirrer, dropping funnel and N 2 inlet. The reactor was immersed in a thermostated water bath. The mixture was stirred at 40 ∘ C with 300 rpm setting for 15 min. The aqueous phase above was added slowly via dropping funnel while temperature was adjusted to 70 ∘ C. The reaction was allowed to proceed for 90 min. The reaction mixture was poured into excess ethanol and let stand for 12 h to dewater. The product obtained was filtered, washed 2-3 times with ethanol, and air dried at 50 ∘ C in an oven.
Characterization
FTIR Spectroscopy.
FTIR spectra of the SAP samples were taken by Attenuated Total Reflectance-Fourier Transform Infrared (ATR-FTIR) Spectrophotometry using FTIR BRUKER/TENSOR 27, Switzerland.
Scanning Electron Microscopy (SEM).
The surface morphology of pure NaCMC and NaCMC-g-PAA superabsorbent polymers was investigated by using Scanning Electron Microscope, JSM-5800LV, JEOL, Japan.
2.4.
Water Absorbency Measurement. 0.1 g powdered superabsorbent polymer was immersed in 150 mL distilled water or 0.9% w/v NaCl solution for 1.5 h. The swollen polymer was filtered through a nylon screen and allowed to drain for 10 min. The water absorbent capacity was calculated as follows:
where 0 and 1 are the weights of dry gel and swollen gel, respectively.
Results and Discussion
Mechanism for Formation of NaCMC
The formation of superabsorbent polymer (NaCMC-g-PAA) from NaCMC and acrylic acid/sodium acrylate in the presence of N,N -methylenebisacrylamide (MBA) was carried out using K 2 S 2 O 8 (KPS) as a free radical initiator. In the first step, KPS was thermally decomposed forming sulfate radical anions. These radicals then reacted possibly with water forming hydroxyl radicals. The hydroxyl radicals abstracted subsequently hydrogen atoms from NaCMC molecules to form reactive NaCMC macroradicals. Then the macroradicals initiated graft copolymerization of monomers (acrylic acid and sodium acrylate), and the MBA cross-linker led to the formation of crosslinked NaCMC-g-PAA. A possible reaction scheme for this superabsorbent polymer synthesis is given in Scheme 1. Figure 1 shows the FTIR spectra of sodium carboxymethyl cellulose and cross-linked NaCMCg-PAA (superabsorbent polymer). The FTIR spectrum of the superabsorbent polymer shows new characteristic absorption bands at 1708 cm −1 attributed to C=O stretching in the -COOH group of acrylic acid. The band at 1588 cm −1 is attributed to C=O asymmetric stretching in carboxylate anion, and another sharp peak at 1409 cm −1 is related to the symmetric stretching mode of carboxylate anion [4, 13] . Moreover, the band observed at 1163 cm −1 is attributed to C-N stretching in MBA.
Characterization
FTIR Analysis.
Scanning Electron Microscopy (SEM).
Morphology of powdered NaCMC and NaCMC-g-PAA was investigated using a SEM. Figure 2(a) shows the SEM micrograph of NaCMC. It is clear that the native NaCMC backbones formed rod-like crystal structures. In the case of the superabsorbent polymer (NaCMC-g-PAA), granular shaped structures were found due to the cross-linked polyacrylate incorporated onto NaCMC molecules, Figure 2(b) . Figure 3 indicates that the swelling capacity of superabsorbent polymer increased with the degree of neutralization in the range from 65% to 70% degree of neutralization and then decreased considerably with further neutralization. As an explanation, increasing the degree of neutralization increases ionic carboxylate groups in the network, and this improves swelling because the ions are strongly solvated in an aqueous medium. In addition, the swelling capacity of superabsorbent polymer increased due to repulsion forces between adjacent carboxylate groups (-COO − ) in the polymer network, facilitating volumetric expansion of the polymer with superabsorbent. However, at higher degrees of neutralization from 70 to 85%, the swelling was reduced due to the Na + ions that act as a screen inside the network polymer, hindering the repulsion of -COO − groups and decreasing the swelling capacity. Figure 4 shows that the swelling capacity increased gradually with the KPS concentration from 0.006 mol/L up to 0.014 mol/L, and then decreased considerably with further increase in KPS concentration. This is because the rate of polymerization increases with the number of free radicals produced in the initial production concentration. The later reduction in swelling capacity at high amounts of KPS may be due to termination steps with too abundantly produced radicals. with the proper amount of MBA. However, the swelling capacity decreased with further increases in the MBA concentration, as the strongly cross-linked rigid structure could not expand and swell in water [14] .
Optimization of Graft Copolymerization
Effect of Partial Neutralization of Acrylic Acid.
Effect of Potassium Persulfate (KPS) Concentration.
Effect of Acrylic Acid (AA) Concentration.
The dependence of swelling capacity of NaCMC-g-PAA on acrylic acid concentration is illustrated in Figure 6 . The swelling capacity increased with AA concentration from 0.4 mol/L up to 1.0 mol/L and then decreased with further increases in AA concentration. The initial increase in swelling capacity may originate from the greater availability of monomer molecules in the vicinity of the chain propagating sites of NaCMC macromolecules. Furthermore, a higher acrylic acid/acrylate salt content enhances the hydrophilicity in the superabsorbent causing stronger solvation with water. However, the final decrease in absorbency may be due to (a) preferential homopolymerization over graft copolymerization or (b) an increase in the viscosity of the medium that hindered the movement of free radicals or (c) an increased chance of chain transfer to monomer molecules [15] . Figure 7 presents the effect of sodium carboxymethyl cellulose on swelling capacity of NaCMC-g-PAA. Initially with the NaCMC concentration from 1.0 to 2.0 g/100 mL the swelling capacity increased and then decreased after a maximum. The initial increase may be due to the increased availability of grafting sites leading to better swelling capacity, where NaCMC can be grafted. The subsequent decrease in grafting at high NaCMC concentrations resulted in lower swelling capacity, due to increased viscosity of medium that hindered the movement of free radicals.
Effect of Carboxymethyl Cellulose Concentration.
Effect of Salt Content on Water Absorbency.
The swelling capacity of optimized SAP in 0.9% w/v NaCl solution in distilled water is shown in Figure 8 , along with swelling in distilled water without salt. The maximum adsorption was found to be 544.95 g/g without salt and 44.0 g/g in the 0.9% w/v NaCl solution. The reduction of swelling capacity of this 6
International Journal of Polymer Science SAP by NaCl in solution is attributed to the decrease of osmotic pressure between the gel network and the external solution, caused by the screening effect of Na + ions [9] . It is well known that the ideal performance of superabsorbers is generally vastly degraded when tested, for example, with urine, affecting applications in diapers.
The maximum swelling capacity of poly CMC-gpoly(AA) prepared by free radical inverse suspension polymerization in the present work is listed in Table 1 , along with literature curated capacities of superabsorbent polymers/hydrogels obtained by free radical solution polymerization.
Conclusions
The superabsorbent polymer, NaCMC-g-PAA, was successfully prepared through grafting of acrylic acid onto sodium carboxymethyl cellulose in the presence of KPS as an initiator and MBA as a cross-linker by inverse suspension polymerization. The optimized preparation conditions of this polymer were 2.0 g/100 mL NaCMC, 1.0 mol/L AA with 70% neutralization, 0.014 mol/L KPS, and 0.01 mol/L MBA. The maximum swelling capacity of this superabsorbent polymer was 544.95 g/g in distilled water and 44.0 g/g in 0.9% w/v NaCl solution.
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